Introduction: Bronchopulmonary dysplasia (BPD) is one of the most frequent respiratory morbidity and the main cause of mortality in premature infants. This study aims to explore the role of red cell distribution width (RDW) to predict BPD in preterm infants. Methods: Preterm infants of ≤32 gestational weeks who were admitted to the neonatal intensive care unit during six months were enrolled in this retrospective study. The study cohort was divided into two groups according to BPD presence or not. Details of the demographic data of the patients and the laboratory data within three hours after birth were recorded. The relationship between RDW levels and BPD were evaluated. Results: Seventy-eight infants were included in the final analysis. In the BPD group, gestational age and birth weight were significantly lower than the control group (p=0.001 and p=0.002, respectively). In the BPD group, maternal preeclampsia was higher than the control group (p=0.04). In the BPD group, RDW levels were significantly higher than the control group (p=0.002). After performing the multivariate model of logistic regression, significant predictors of BPD were RDW levels (OR= 11.986, 95% CI 2.494-57.602, p=0.002) and duration of invasive mechanical ventilation days (OR=1.429, 9%5 CI 1.127-1.811, p=0.003). The optimal RDW cut point for prediction of BPD by the ROC curve analysis was 18%, which yielded sensitivity 81.50% and specificity 84.78%, and the AUC of RDW was 0.845 (p<0.001). Discussion and Conclusion: Our findings show that the RDW level is a significant parameter to predict BPD in preterm infants. RDW as a simple and accessible value may be of important role in the prediction and early approach of BPD in preterm infants.
W ith the advances in neonatology, the survival rates of preterm infants with very low birth weight have increased together with the incidence of chronic morbidities. The most important of these complications is bronchopulmonary dysplasia (BPD), which brings about important medical, familial, social and economic problems both during the neonatal intensive care unit stay and after discharge [1, 2] . The incidence of BPD has markedly increased with decreased gestational week and low birth weight, and in preterm infants born below 1500 gr, BPD may have an incidence rate of 30-40% [2, 3] . Although many factors, such as immature lungs, barotrauma due to mechanical ventilation, oxidative stress and inflammation, lead to the development of BPD, especially inflammation plays a critical role in the pathogenesis of BPD [4, 5] . struction may alter the size of the erythrocytes, causing a change in RDW. The systemic inflammatory response also affects erythrocyte destruction and erythropoiesis, and increased RDW values may indicate an underlying inflammatory reaction [7] . RDW is a marker that has been used in the meta-analysis for the follow-up of cardiac, renal, and pancreatic pathologies, especially in adults, and for the follow-up critical patients and predicting mortality [7] [8] [9] [10] . In recent years, there are limited studies on the role of RDW in the follow-up of various diseases, such as patent ductus arteriosus (PDA), pulmonary hypertension and mortality in newborns with RDW [6, 11, 12] . The present study aims to investigate the role of RDW value in predicting BPD in preterm infants at birth.
Materials and Methods
Cases that were hospitalized at ≤32 gestational weeks and treated for six months in the Neonatal Intensive Care Unit (NICU) of the University of Health Sciences, Bursa Yuksek Ihtisas Teaching Hospital, were included in this retrospective cohort study. The study group was divided into two groups as preterm infants who developed BPD or the control group that did not develop BPD during the follow-up period in NICU. Depending on the gestational age at birth, the definition of BPD was made as postmenstrual (PM) when BPD occurs at 36 th weeks for those with gestational week of <32 weeks, and BPD requiring ≥21 O 2 . for those with gestational age of ≥32 weeks when BPD emerges at postnatal 28 th day or earlier and persists at discharge time [13, 14] .
Patients with moderate/severe maternal anemia, pregnant patients using drugs affecting fetal hematopoietic system, patients with a history of familial hematological disease, such as thalassemia, major congenital anemia, hydrops fetalis, patients undergoing intrauterine transfusion, patients whose maternal and neonatal data could not be reached and cases exited during follow-up period were excluded from this study. Data concerning maternal medical history, antenatal steroid use, early membrane rupture and/ or chorioamnionitis, maternal preeclampsia or infection, neonatal features including gestational age, birth weight, sex, mode of delivery, Apgar scores at 1 st and 5 th minutes, duration of invasive mechanical or non-invasive ventilation, oxygen use and hospitalization were recorded.
Within the first three hours after birth, 2 ml samples of blood were drawn from peripheral veins of all patients included in this study and placed in the tube containing tripotassium ethylenediaminetetraacetic acid within the first three hours after birth, and blood count was performed within one hour after blood collection. Hematological parameters were defined by the Sysmex-XT-2000i blood counter (Sysmex, Kobe, Japan). Complete blood count parameters, including RDW of the blood samples of all patients, were recorded. BPD and control groups were compared concerning RDW and other complete blood count parameters.
Statistical Analysis
Statistical analysis was performed using IBM SPSS 20.0 (SPSS Inc., Chicago, IL, USA) statistical package program. The fitness to normal distribution was evaluated by the Kolmogorov-Smirnov Test. Numerical variables were given as mean +/-standard deviation and median (25 th percentile to 75 th percentile). Categorical variables were expressed as numbers and percentages. Differences between the groups were evaluated with the Student t-test and one-way analysis of variance (ANOVA). Mann-Whitney U Test was used for numerical variables with non-normal distribution. Fisher's Exact and chi-square analyses were used for categorical variables. Logistic regression analysis was performed to investigate the relationship between RDW and BPD and factors affecting BPD were added to the model. ROC analysis was performed to evaluate the predictive power of different values. P-value of <0.05 was considered statistically significant.
Results
During the six-month period, 232 premature infants aged ≤32 gestational weeks were hospitalized in the NICU, and 78 of these patients were included in this study according to exclusion criteria. When the neonatal and maternal demographic data of the study group were evaluated, it was observed that gestational week and birth weight rates were significantly lower in the BPD group compared to the control group (p=0.001, and p=0.002, respectively). In addition, the rate of maternal preeclampsia was significantly higher in the BPD group than in the control group (p=0.04). The maternal and neonatal demographic data of the study groups are summarized in Table 1 . When the complete blood count parameters of the study groups were evaluated, the RDW values in the BPD group were significantly higher than the control group (p=0.002).
There was no significant difference between the two groups concerning other complete blood count parameters. Complete blood count parameters of the study groups are summarized in Table 2 . When other variables affecting the development of BPD were included in the multivariate logistic regression analysis as gestational week, birth weight, invasive mechanical ventilation time, and RDW level (OR=11.986, 95% CI 2.494-57.602, p=0.002), invasive mechanical ventilation time (OR=1.429, 95% CI 1.127-1.811, p=0.003) was observed to be a significant predictor of BPD. When the ROC analysis was performed for the role of RDW in predicting the development of BPD, the cut-off value was determined as 18% with a sensitivity, specificity, and AUC value of 81.5%, 84.78% and 0.845, respectively (p<0.001) ( Fig. 1 ).
Discussion
In recent years, due to advances in neonatology, especially in preterm infants, viability rates have increased despite low gestational weeks and birth weights, which has brought with it an increased incidence of morbidities, such as BPD [4] . Therefore, early detection of premature infants, which may be riskier for BPD, has become very important for clinicians, so clinical investigations have been conducted in recent years with many costly and difficult to access markers [15] [16] [17] . In this study, we found that RDW value at birth is an important predictor of BPD, and RDW value above 18% is a reliable threshold for predicting the development of BPD. In this study, it has been observed that the RDW value, which is practically accessible from the routine complete blood count measured at birth, is an important marker that can be used to predict BPD and shed light on the clinician in patient follow-up.
For many years, RDW has been used to monitor many different clinical conditions in adults. Increased RDW has been associated with an increased risk of prognosis and mortality, particularly in cases of acute inflammation, such as coronary syndrome or in chronic inflammatory conditions such as malignancies [7, 18] . As a mechanism of the increase in RDW value, it has been indicated that inflammatory cytokines inhibit erythrocyte maturation and induce the release of younger and larger reticulocytes into the circulation and thus alter the distribution of erythrocytes [7, 10, 18] . In recent years after trials realized in adult patients and older children, studies evaluating the relationship between RDW and morbidities and mortality in newborns have been performed [6, 11, 12, 19, 20] . A recent study has shown that patients with persistent pulmonary hypertension (PPHT) had a significant increase in RDW and that RDW could be an independent predictor of PPHT [20] .
It has also been shown in a recent study that the RDW value of 20% or more in patients with neonatal sepsis is associated with mortality [6] . In another study, an association was found between the increase in RDW and intrauterine growth retardation in preterm infants, and in the same study, it was reported that preterm infants with BPD had an elevated RDW value [11] . In this present study, in accordance with the literature, the findings showed that preterm infants who developed BPD had a significant increase in RDW at birth.
It is now known that the pathogenesis of BPD is not only a result of exposure to postnatal oxygen and mechanical ventilation but that many prenatal and postnatal multifactorial causes are responsible for the pathogenesis of BPD [21] . Early detection of the risk of BPD is very important for neonatologists, and many studies have been carried out in the last decades [15, 21] . Indeed, the population with a higher risk of developing BPD can be treated with preventive treatment strategies in the early stages of life. Early protective steroid treatment can be applied after the first seven days of life and within the first two weeks before the lungs enter the irreversible fibrotic period [21] .
Studies on stem cell therapy among regenerative therapies and inhaled budesonide, or budesonide-surfactant combinations that may be protective from BPD in the early stage of the disease are also promising [22] . Many studies have tried to determine the risky population for BPD by looking at the levels of many different inflammatory cytokines in the blood and tracheal aspirate. However, unfortunately, the desired results could not be obtained with a single marker or combination of markers examined [15] . In a recent study, it has been reported that the evaluation of echocardiography findings in the first week of life and the need for mechanical ventilation on the 7 th day of life can be used to predict BPD [21] . In this study, the threshold RDW value measured within the first three hours after birth was found to be 18%, and RDW values above this value have been shown to be associated with the development of BPD.
The primary limitation of this study was the retrospective design of the study, which resulted in the difficulty of accessing reliable and high-quality data. Since the data of many patients were not fully available, the analysis was performed with relatively few cases. In this study, patients were analyzed only on a single RDW value after birth but could be evaluated and analyzed together with a different variable, such as the need for invasive mechanical ventilation on the 7 th day that affected the development of BPD.
As the strengths of this study, primarily, many patients who were thought to have a negative impact on the anal- ysis were excluded from this study according to exclusion criteria. Secondly, we should note that very few studies in the literature have drawn attention to the relationship between RDW and BPD in newborns, and this study may shed light on studies to be performed.
Conclusion
In conclusion, in this study, we have shown that we can predict the development of BPD, which is one of the most lifethreatening morbidities of preterm infants, with an easyto-reach and practical variable in hemogram parameters, such as RDW. We think that the relationship between RDW and BPD should be evaluated in prospective studies with larger patient groups.
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